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F ⊂ Rd µ 7I³'fz} n ∈ N ²¾©hu Ωn /hxuwdfhswhuz¯y















































F ⊂ Rd ~sth









1B({x1, . . . , xN}) dx1 . . . dxN
± 4S´
¦dfhEwh
















F ×M sv«yduwdu N(A×M) <∞}©gzPsvusv«fh
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0 < ν(B) < ∞ ²udfh
| ν yE|N/h7|fzPwg}©~Ã
























h(C) ∝ hp(C) hd(C)
± 6X´
¦dfhEwh
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 ~Æus¦~¥Xuwd e ∈ [emin, emax] 
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|Yu©hE|f{uds lj ∈ [Lmin, Lmax] ² j = 1, . . . , n 
 uwdfhswh
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1B(e, v1, . . . , vn)
dn(v1, . . . , vn) de













V = [Lmin, Lmax]×]− π, π]
}|
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u ∼p v ⇔
(
∃j ∈ {1, . . . , nu} : d(pju, v) < dmax
|
d(pj+1u , v) < dmax)
)
zP (∃j ∈ {1, . . . , nv} : d(pjv , u) < dmax
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VC,F (c) = VC,F (p
1
c) ∪ VC,F (pn+1c ) = ∅
 A( ' E'7 Î/²X~ c ~syz}||fhEyuwhEXr[zP|f©r[z}|fhmz%~Æush­XuwhEgx~uw~hEsE²(	 .
VC,F (c) 6= ∅ , ∃k : VC,F (pkc ) = ∅
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VC,F (c) = ∅
ωs
²f~





c) 6= ∅ , VC,F (pn+1c ) 6= ∅
± 4SP´
U22(c, o)



































1 + d2(pkc , o)
− 1








U22(c|VC,F (c)) = −
∑
k = 1, n + 1
o : d(pkc , o) < ε
σ(< c, o >pkc )
± 4 }´
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τ1 ≤ tic ≤ τ2






















(V i, V i+1)
± 4SP´
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|Yuw~¥©I² Uh(i, i+ 1) ²tPsvhS[zP|[udfhghEPsv«fhmz}thP«}yr[z H2 ªz} {V i, V i+1} .








−1 ~ tih < 1

































































|Xr·h Y«uw~z}| ± 4S}´®³
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Q(S → .) ³c#dh^u}|sv~uw~z}|x~¥s%Py
y
h












































πT (.)Q(C → .)
dPs#Ç|~Æuhth
|sw~ur}² D ²t¦~uwdwhSsv/hEyuuzjswrXgxgh
uw~yE©GghE}sw«fh ψ zP| Ω×Ω ²Xuwdfhy
z}|t~uw~z}| ± >4E´~¥sswuw~¥sÇhE~Æ .







α(C,C ′) = min {1, R(C,C ′)} ± "P´
465HG7498
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| 1 | nmax 
 «f|f~ªz}g©r[f ¦~|f{juwdfh}}ghuwhEs#thSswy
w~f~|f{hEPydswh












































































R 	 (C,C ∪ c) = pd  
pb  
λ|F |












































uki ∈ [−1, 1]


















































B1, . . . , BNθ
~sudfh
|uwdhmªz}©©z¦~|f{.
 uwdfh¦~¥Xud~¥s#«f|f~ªz}g©rt ¦|[~| [emin, emax] 
 uwdfh©h
|{uwd l |·udfht~whSy®uw~z}| α z}9udfhmÇsu=swh
{}ghE|Pu=}wh¨«f|f~ªz}g©rt ¦|~| [Lmin, Lmax]×]− π, π] 
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R 	  (C,C ∪ c) = pd  
pb  
λ|F |




R 	 (C,C \ c) = pb  
pd  
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u T = {Ta : a ∈ E} /h[}g~©r¹z#svrXgghuw~¥y
}©u}|sªzPwguw~z}|s}}ghuwhEw~Ã
hSxYrm¬}hSy®uz}


















































































}whÂ«f|f~ªz}g©r t ¦| ~|
V = [Lmin, Lmax]×] − π, π]
³¨ºhu


























c′ = (p′, e, l2, α2, . . . , ln, αn)
¦dh
h
p′ = (x + l1 cos(α1), y + l1 sin(α1))
|Ô²z}uwdfhEw¦~¥swh}²






























































































sw~f©h[gz¬PhyE©©hS pXf©~uv¸ |X¸ ÅNhEw{Ph[z
pXhE{}gh
|Yus ± ptÅ_p´#¦df~¥yd~¥s~©©«svuwuwhS[XrÇ{}«fhf³
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H ∼ U([−Lmin, Lmin])





































v = (l, α)
}sªzP©©z¦=s.




(l sin(α)− l1 sin(α1))2 + (l cos(α)− l1 cos(α1))2
arctan(
l sin(α)− l1 sin(α1)


































	  &*	*,& (








 d(pj , pj+2) ∈]2Lmin, Lmax]

 uwdfhf~svu}|yhmz pj+1 uwzuwdhmswh
{Pgh




























































































2Lmin (li − 2Lmin)
± "PP´
¦dfhEwh

















(l1, α1) = ηvi(z)}|













































1B(Mi(C)) |Jφ−1(vi, vi+1)| dµ(C)
± 6 4S´
¦dfhEwh





































































R  (C,C ′) =
NT (C)
NT (C ′)


























































δe ∼ U([−B(e), B(e)])
²f¦dh
h














































































(p1, e, v1, . . . , vn)← (pn+1, e, v′n, . . . , v′1)
±  4S´
¦dfhEwh









	  &*	*,& (








Q    
³8» |thEhEÔ²¦¯h
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1, e, v1, . . . , vn) = {(p1, e+ δe, v1, . . . , vj−1), (pj+1, e− δe, vj+1, . . . , vn)}
S2j,δe(p
1, e, v1, . . . , vn) = {(pj , e+ δe, v′j−1, . . . , v′1), (pj+1, e− δe, vj+1, . . . , vn)}
S3j,δe(p
1, e, v1, . . . , vn) = {(pj , e+ δe, v′j−1, . . . , v′1), (pn+1, e− δe, v′n, . . . , v′j+1)}
S4j,δe(p













{pi, pj}1 = {pni+1i , p1j}
 {pi, pj}2 = {p1i , p1j}
 {pi, pj}3 = {p1i , p1nj+1}
































































²(	 {pi, pj}k = {pni+1i , p1nj+1}












































































Q    
~¥suwdh
|Â{}~¬}hE|Xr .
































































































































































1A(C \ {ci, cj}) ∪Mmk (ci, cj)dµ(C)
± }P´
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udfhmu¦¯z/z}~|Yusz} {p1, p2}k ³8c#dfh¨}yuwz} 12dk(ci,cj)
~¥st«fhmuzuwdfh¬}w~¥f©hmyd|f{Ph .
(e1, e2, p





























R    (C,C ′) =
NT (C)
NT (C ′)
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e  = 4
ij
e  = 4
ij
e  = 4
ij
e  = 4







e  = 5















































































∀i = 1..10 ⇒ E[Ni] =
E[N ]
10
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1784×1304 f~Æ­thE©s ± 50 y
h
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